H ISTORICALLY, ONLY 25% OF approved drugs marketed in the United States have sufficient pediatric data to support approval of product labeling by the US Food and Drug Administration (FDA) for dosing, safety, or efficacy in children. 1 Inadequate dosing and safety information places children at risk for adverse events and denies them potential therapeutic benefits. 2, 3 In 1994, the FDA encouraged sponsors to obtain more pediatric drug data; however, new studies were not required, and the number of new studies was minimal. 4 In 1997, Congress passed the US Food and Drug Administration Modernization Act. 5 Section 505A of this act, known as the Pediatric Exclusivity Provision, provided an additional 6 months of patent protection, or marketing exclusivity, in return for performing studies specified by the FDA. The Best Pharmaceuticals for Children Act of 2002 extended the economic incentives provided by pediatric exclusivity. 6 This program has been successful from many perspectives resulting in a substantial increase in pediatric drug research compared with the very limited amount of such research before pediatric exclusivity. To date, the program has generated more than 300 pediatric studies and more than 115 products have undergone labeling changes for pediatric use. Despite this increase in pediatric drug studies, critics of the Pediatric Exclusivity Program contend that it has provided a "windfall to the prescription drug industry" because the profits enjoyed by the companies from the patent extensions are perceived to greatly exceed the cost of conducting the studies. 7 Several revised components of the Pediatric Exclusivity Program legislation have thus been proposed. These include disbanding the program altogether, varying the lengths of marketing protection based on annual sales, and reducing the marketing protection from 6 months to 3 months. Precise data on study costs have not been available and estimates vary considerably. The National Institute of Child Health and Development has estimated that a safety and efficacy study may cost between $1 million and $7.5 million, while the cost of a pharmacokinetic study can cost from $250 000 to $750 000 per age group. 3 The Pharmaceutical Research and Manufacturers of America has estimated higher study costs ranging from $5 million to more than $35 million. 3 In a study based on a survey of drug companies, the cost of pediatric studies was estimated to average $3.87 million per written request. 8 The written request is issued by the FDA to the company and contains the required elements of the studies for pediatric exclusivity: the indication, number of studies, sample sizes, and trials design.
The Best Pharmaceuticals for Children Act of 2002 will expire and face renewal by Congress in 2007. In addition to determining the costs of pediatric trials, we sought to determine if the incentives provided by the law are disproportionate to the costs of studies.
METHODS
Clinical trials performed for pediatric exclusivity though the written request were identified. Although pediatric exclusivity was initiated in 1997, we evaluated studies for which the data were submitted from 2002-2004 (inclusive) because these data were available and presented to the FDA uniformly under the electronic submission process, summaries from these studies are publicly available, 9 economic data are current, and the decisions regarding the granting of exclusivity were complete. During this period, data from 59 products were submitted to the FDA. We selected the products to study using the following algorithm. We subdivided the program into the following areas: allergy/immunology (n = 6 products), cancer (n = 9), central nervous system (n = 8), cardiovascular (n = 9), psychiatry (n = 5), endocrine (n = 6), gastrointestinal (n = 4), infectious disease (n=10), and other (eg, osteogenesis imperfecta and kidney transplantation; n=2). We selected 1 product from each area, using the most recent application for which data were most complete in the electronic document room of the FDA. The electronic document room is a repository in which all components of submissions have been stored since 2002.
For each product, we estimated the net economic return to industry from participation in the exclusivity program, and calculated the resulting net return-to-cost ratio. The following definitions were used: net economic return is the difference between after-tax cash inflows and outflows associated with the additional period of patent exclusivity; cash inflows represent estimates of product sales (net of production, marketing, and distribution costs) during the period of extended patent exclusivity; and cash outflows are estimates of the costs of performing pediatric studies. Cash inflows and outflows for each product were adjusted to 2005 after-tax values and to their present values as of June 30, 2005, using a discount factor comparable with the pharmaceutical industry's expected return from investment.
To estimate cash outflows, we used the final study report to estimate the cost of the trials, including investigative site costs, contract research organization costs, pharmaceutical company costs, and core laboratory costs. We partnered with 2 organizations to assist in our estimates, Fast Track Systems Inc (Conshohocken, Pa) and Covance Central Laboratory Services (Indianapolis, Ind).
Fast Track Systems provided access to 3 separate global cost and procedure benchmarking databases drawn from more than 240 000 negotiated investigator agreements, 25 000 finalized protocols in 800 indications, and 3000 contract research organization contracts.
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Investigative site, coordinating center, and internal pharmaceutical costs were estimated based on input of trial parameters, including trial phase, indication, trial locations, number of sites, screen failure percentage, number of enrolled patients, study procedures, overhead costs, document preparation, prestudy preparation and recruitment, investigator meetings, site initiation visits, site monitoring, site close-out, site management, project management and administration, data entry, data clean-up, database programming and transfers, generation and review of tables, statistical plan and analysis, integrated clinical/statistical report, regulatory audits, and drug distribution.
When clinical trials required the use of a central core laboratory, we obtained an estimate from Covance Central Laboratory Services 11 internal pricing tool, which provides costs in an 8-service template, including database construction services, investigator training, collection services, transportation services, laboratory services, data services, clinical trials management, and specimen management. Drug shipment costs were included in the price of the trials, but costs for drug manufacturing and drug packaging were not included.
Trial costs were estimated in 2005 dollars and did not require price adjustment. To adjust these cash outflows to after-tax values, we assumed that cash outflows (study costs) would be allowable expenses in income tax computation and that they would be taxed at the industry's average rate (30%), 12 which varied between 25% and 35% in sensitivity analyses.
Yearly sales data for each drug product were obtained from IMS Health Inc (Fairfield, Conn) from pharmaceutical sales data audits. 13 Data were obtained from either 2002-2004, or the last 3 years before patent exclusivity expired.
We used contribution margin (sales revenue minus variable costs), 14 which represents funds available to support fixed costs and profit to estimate the incremental after-tax cash inflows accruing from investments in pediatric clinical trials (eg, a 45% contribution margin means that to sell an additional $1.00 worth of product, it costs the company an additional 55¢ in variable costs).
To estimate net cash inflows from average annual IMS Health sales, we assumed a 10% sales discount rate, a 50% contribution margin, and a 30% tax rate. The IMS Health reports gross sales and does not include discounts to managed care; we therefore adjusted the IMS Health data to reflect a 10% discount from gross sales (90% net sales). The contribution margin averages 45% in the pharmaceutical industry. 12 However, the products in this study were nearing the end of their patent life cycles and would be expected to have lower marketing and administrative costs. Thus, we assumed a 50% contribution margin (varied between 40% and 60% in sensitivity analyses). We assumed that cash inflows would be taxed at the industry average rate of 30% (25%-35% in sensitivity analyses). 12 To avoid bias, we adjusted cash inflow and outflow estimates to account for differences in the timing of events. We used 2005 as our reference year and assumed that the FDA final submissions for all products would occur on June 30, 2005. Cash outflows were adjusted for the time interval between the midpoint of each study's duration and the reference date, and cash inflows were adjusted for the time interval between the reference date and the end of patent exclusivity. We selected a discount rate of 8% (0%-20% in sensitivity analyses) that is reflective of return on investment expectations in the pharmaceutical industry. A lower cost of capital of 8% is used for the 2002-2004 period because of lower interest rates on debt capital and lower returns on equity capital than were prevalent in the 1990s. 12 As cash outflows occurred before the reference date, their values were inflated to account for the company's lost opportunity costs. Conversely, because cash inflows occurred after the reference date, their values were deflated. We calculated the net economic return per written request by subtracting the discounted after-tax cash outflows from the discounted after-tax cash inflows associated with an additional 6 months of exclusivity. The net return-to-cost ratio was obtained by dividing the net economic return by the discounted after-tax cash outflow.
Estimates were also calculated for 3 months of exclusivity.
We contacted companies to confirm estimates of costs and received validation on the condition that their product and the company were not identified. We did not include the cost of regulatory filing of the drug with the FDA, the costs of any preclinical work including juvenile animal toxicology studies, or the costs of developing a liquid formulation for pediatric use. STATA version 8.2 (StataCorp LP, College Station, Tex) was used for statistical analysis and PϽ.05 was considered statistically significant.
RESULTS

2002-2004 Cohort
From 2002 to 2004, data from 59 therapeutic agents were submitted in response to the Pediatric Exclusivity Program. For these 59 agents, 137 trials were completed and 22 991 children were enrolled in these trials. The largest trial enrolled 795 children and the smallest enrolled 10 children, with median trial enrollment of 116 children. The median number of clinical trials completed for an agent was 2. The number of trials per product ranged from 1 
Selected Cohort
For our analysis, we obtained the final study reports from 9 drugs in a broad range of therapeutic areas under the algorithm described (TABLE 2). Eight of the 9 drugs underwent a labeling change as a result of the studies. Twenty-seven clinical trials were completed: 16 evaluated efficacy, 4 were multidose pharmacokinetic, 6 were single-dose pharmacokinetic, and 1 was a safety study.
The median number of patients enrolled was 140 (range, 13-1088), the median number of US sites was 16 (range, 1-118), and most trials were primarily conducted in the United States (TABLE 3) . Nearly half (48%) of the trials took more than 2 years to complete. Most of the trials collected detailed data: the median number of case report forms for a trial was 73 (interquartile range, 59-166 pages collected), and the median number of tables, listings (a compilation of a collection of variables), and figures for the final study report was 81.
The estimated costs of conducting each trial with coordinating center costs, sponsor management costs, site payments, central laboratory payments, and total costs had considerable variability (TABLE 4). Estimates of clinical trial costs are provided with a low estimate and a high estimate. However, our experience from multicenter clinical trials in children suggests that the high estimate is a more accurate reflection of the costs of conducting clinical trials in children. [15] [16] [17] [18] Using this estimate, the median cost per written request was $12.34 million (range, $5.13-$43.80 million). The median cost for a single-dose pharmacokinetic study was $894 941 (range, $655 139-$7 114 220), median multidose pharmacokinetic study cost was $2 297 250 (range, −$8 946 033 to $507 899 374). With 3-months exclusivity, the median net benefit was reduced to $64 041 833 (range, −$11 088 214 to $250 500 635). These changes in net economic benefit are reflected in the net return-to-cost ratios (TABLE 6). FIGURE 1 and FIGURE 2 show the change in net return-to-cost ratios associated with variations in contribution margin and discount rates. Products with larger cash inflows (eg, drug 6) were more sensitive to variation in contribution margin, whereas products with lower cash inflows (eg, drug 5) were less sensitive. With regard to the discount rate, products with longertime lags between their clinical studies and the beginning of market exclusivity were more sensitive to changes (eg, drugs 6 and 7), while those with short-time lags were less sensitive (eg, drug 9).
COMMENT
The development of therapeutics is based on ownership of pharmaceutical discoveries by for-profit businesses. 19 Drug development is expensive because of the high attrition rate of potential products as they proceed through laboratory, animal, and human trials. The pharmaceutical industry recovers its expenses through charging a high price for the drug, based on exclusivity rights under patent. When the patent expires, the average market price decreases through competition with generic drugs. 20 The Pediatric Exclusivity Program was designed to give a financial incentive of 6 months of patent extension or marketing rights to pharmaceutical companies that conduct studies requested by the FDA. Outside the exclusivity program, the FDA is limited in the number and scope of studies for which it can require pediatric data for existing products on the market. The exclusivity program, therefore, represents a unique opportunity to expand our knowledge of the safety and efficacy of products used in children.
We have estimated the costs and economic benefits to pharmaceutical companies of a cohort of products submitted to FDA for approval. One might expect only those products with high yearly sales would be evaluated by the industry. We found, however, that products with a wide range of sales and with a variable return on investment were evaluated. We also found that a very high rate of return is realized by blockbusters with annual sales of more than $1 billion; however, a much lower rate of return was likely realized by most products in the 3 Another study demonstrated that most medicines awarded pediatric exclusivity are not among the 200 top-selling drugs. 21 The median annual sales of the 59 products submitted in the 2002-2004 cohort was $181 254 000 and 23 of 59 products had annual sales of less than $150 million.
Limitations
These data have several limitations, most of which underestimate the cost of submitting the data to the FDA and thus serve to overestimate the return on sales on average. We did not have access to juvenile animal data that may have been required to conduct these trials. We did not have access to the costs associated with making special formulations (eg, chewable tablets or liquid preparations) and the costs of required bioequivalence and stability testing. Our sample included an overrepresentation of products with high annual sales (5 of 9 products had annual sales of Ͼ$1 billion).
The software used to estimate the costs of conducting trials is used most frequently in adult trials, and pediatric trials are usually more expensive. The Duke Clinical Research Institute is the data coordinating center for both adult and pediatric trials conducted under FDA guidance, [15] [16] [17] [18] and it has been our experience that pediatric studies cost more per patient than adult studies for both the coordinating center and the site investigator. We therefore used the higher study cost estimate for our analysis.
We focused on the economic incentives to industry of completing pediatric exclusivity and did not account for the economic costs to health care incurred by the delay in generic versions of these products appearing on the US market. Improved treatment and reduced adverse events resulting from better labeling were not evaluated. We did not measure the potential liability to industry of discovering previously unreported (or undetected) adverse events in a pediatric study that may jeopardize sales to the entire product. As an example, the FDA joint advisory committee voted to recommend a black box warning for certain antidepressant medications, indicating that they increase the risk of suicidal thinking and behavior among pediatric patients. These data were derived mostly from studies of antidepressants performed for pediatric exclusivity.
22-24 Finally, we did not measure the clinical benefits to children, their families, and society from having pharmaceutical agents tested in pediatric populations. The change in net return-to-cost ratio associated with variations in contribution margin for each evaluated drug is shown. ADHD indicates attention-deficit/hyperactivity disorder. The change in net return-to-cost ratio associated with variations in discount rate for each evaluated drug is shown. ADHD indicates attention-deficit/hyperactivity disorder.
Application of Data
The Pediatric Exclusivity Program has been a success from the perspective of conducting trials for labeling in children. Since the start of the program in 1997, more than 115 products have had a labeling change. Approximately one third of these labeling changes showed an important difference in the pediatric dosing, safety, or efficacy compared with adult patients. This new information will likely result in long-term health benefits for children.
The Pediatric Exclusivity Program, and much of the pediatric reform Congress enacted in 1998 and 2002, is set to expire in 2007. Congressional debate regarding the renewal of the program includes the financial benefits granted to companies for their participation-namely, the incentive in the form of 6-months market protection. Critics contend that obtaining pediatric exclusivity affords some manufacturers enormous returns.
These data suggest that if marketing protection is universally reduced from 6 months to 3 months, products that are likely to see small profit margins may not be submitted for pediatric testing. These may include medications for conditions, such as bacterial infections (drug 5) and hypertension (drug 2), which have a profound public health importance for children. Reduction in the amount of marketing protection will likely not change the study of drugs that are already widely used in children and adolescents (such as those with an indication for attention deficit hyperactivity disorder [drug 8]). These data also are relevant to the recent European legislation in which a nearly identical program has been developed and adopted by the European Union. It is not clear, however, how comparable these findings will be in the European model of drug pricing.
This discussion has focused on efforts to quantify both the cost of pediatric drug development trials and the expected economic benefit derived from 6 months of additional marketing exclusivity. We have not attempted to provide an economic analysis of projected benefits. Labeling changes resulting from pediatric studies for the drugs in this cohort have been impressive; 20 of 59 products had 1 or more of the following changes to the label: 5 had dosing changes, 9 had new pediatric safety information, and 12 products were not effective. 25 Of the 9 drugs evaluated in this study, 8 underwent labeling changes. Importantly, several were associated with substantial safety concerns and lack of effectiveness in the pediatric population.
Using the numbers from the labeling information from the cohort of 59 drugs, 34% (20 of 59) of the time that physicians prescribed the drugs from this cohort before 2002, they were making a dosing error or placing a child at risk of adverse events with limited therapeutic benefit. Administration of safe drugs that work, and at an appropriate dosage, is critical to public health. An analysis of the costs and benefits of this program to society, although important, was beyond the scope of this study and would involve projection of the long-term clinical and economic outcomes associated with preventative measures that are difficult to ascertain, such as the economic benefits of lives saved, unnecessary hospitalizations prevented, and avoidance of unnecessary therapies and improper treatment of diseases or conditions. These costs and benefits to society may be difficult to estimate with precision due to data limitations, but this area certainly represents an important subject for future study.
From the policy perspective, our study shows that the Pediatric Exclusivity Program overcompensates blockbuster products for performing clinical trials in children, while other products have more modest returns on investment under this program. Further understanding and modeling are necessary to ascertain what constitutes adequate economic return to manufacturers in return for their risk.
Clearly, however, the greatest return of the exclusivity program is the benefits derived in obtaining new information relevant and applicable toward the care of children, and this benefit should not be compromised. 
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